INVESTIGATION OF WAVE INDUCED STORM SURGE WITHIN A LARGE COASTAL
EMBAYMENT — MORETON BAY (AUSTRALIA)

Philip Treloaf, David Taylof and Paul Prenziér

Moreton Bay is a large coastal embayment on théhseast Queensland coast which is surrounded byrtrenised
areas of greater Brisbane on its western and sousii®relines. It is protected from the open cbgsh number of
islands, including South Stradbroke, North Strallbrand Moreton Islands. Tropical cyclones occaslpirack far

enough south to cause significant damage to saghe@ueensland due to flooding, winds, waves aavht#d ocean
water levels. Distant tropical cyclones which nimeyseveral hundred kilometres north of Moreton Baye been
known to cause storm surge, high waves and erasgide Moreton Bay. These events generally dogeoterate
gale force winds within Moreton Bay, but can getetarge ocean swell waves. It has been identtfiatl the wave
conditions generated from distant cyclones caneausariation in water levels inside Moreton Ba#. detailed

study was undertaken to investigate the regiona&kveet-up process which affects Moreton Bay. Theilstion of

the residual water levels within Moreton Bay usangoupled hydrodynamic and wave model system dpedldor

this study is considerably more accurate than appla hydrodynamic model alone and explains waggell
anomalies that have a tidal frequency. The pajseudses the physical process of regional waverséiside a large
embayment, analysis of observed residual waterl lemd also the modelling study undertaken to qfaritie

influence of waves on storm tide levels inside MameBay. The storm tide hazard study for the MumeBay

Councils included the effects of regional wavelgein the specification of design water levels.
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INTRODUCTION

Wave set-up is a process commonly observed on opast beaches where the mean water level
increases between the zone of wave breaking andhthieline. It is caused by the conservation of
momentum flux during wave breaking. In simple teymvave set-up can be viewed as the conversion
of some of the kinetic energy released during wareaking into potential energy in the form of aris
in the mean water level surface.

Whilst wave set-up is usually associated with opeast beaches, studies have also shown that
wave set-up can influence water levels within ast@aentrance and coastal embayment systems.
Wave breaking at the entrance to a coastal embayaarcause a rise in the mean water level, tle ris
depending upon embayment size and depth, otherwate and storm parameters, such as duration.
This process has been documented in numerous stidiehave applied data analysis and numerical
modelling techniques. Tanaka and Puzari (1993haka et al (2000) and Nguyen et al (2007) have
investigated the impact of wave set-up on measwaddr levels inside river and inlet entrances @n th
coast of Japan. Those studies suggest that eatraophology is important in determining how wave
set-up will influence water levels inside the ents. Those investigations indicated that waveiset
or wave momentum flux processes in breaking wavaditions, could increase water levels inside
entrances by 10% to 15% of the offshore wave hdighshallow and narrow entrances, and 0.2% to
4% of the offshore wave height for deep and wideagces.

The influence of wave set-up on residual water Ieweside Moreton Bay is described in the
following sections. For this study, a combined dyitnydrodynamic and wave model system was
developed to investigate storm tide and wave rélaterm surge inside Moreton Bay. The Delft3D
hydrodynamic model and SWAN wave model have beeoptad for numerous similar studies
worldwide. The calibrated model was applied taéase the understanding of wave interaction with
water levels inside Moreton Bay and then also tduthe regional wave set-up in the calculation of
design water levels for Local Government Areas (IsAround the shoreline of Moreton Bay.
Shoreline wave set-up was calculated also.

STUDY AREA

Moreton Bay is a large coastal embayment on théhseast Queensland coast. It is separated from
the Tasman Sea by a series of islands includinghS8tradbroke, North Stradbroke and Moreton
Islands. The western side of Moreton Bay is surded by the urbanised areas of greater Brisbane on

! cardno Lawson Treloar, 910 Pacific Highway, Gordon, NSW, 2072, Australia
2 cardno Lawson Treloar, 2 Bagot Road, Subiaco, WA, 6008, Australia
s Department of Environment & Resource Management, 400 George Street, Brisbane, QLD, 4000, Australia

1



2 COASTAL ENGINEERING 2010

its western and southern shorelines. To the sdditineton Bay connects to the Broadwater system of
the Gold Coast. Figure 1 presents a plan viewydieg bathymetry, of Moreton Bay.

There are a number of entrances connecting the arasdea and Moreton Bay. The most
significant of these is the large entrance betwdeneton Island and Bribie Island in the north-west
corner of Moreton Bay. This entrance featuresrgelaand shoal area that is generally only 5 to 6m
deep along a 25km section known as Spitfire Bardee-Figure 1.

Plareton Bay Regeonal
ouncil

Figure 1. Detailed Plan View of the Study Area Incl  uding Bathymetry

The study area is located near the southern lifiitopical cyclone activity for east coast Austaali
under current climatic conditions. South of Gladst (500km north of Moreton Bay) on the
Queensland coast, the frequency and intensityopidal cyclones diminishes rapidly. Storm surges i
the Moreton Bay region are more likely to be getesteby decaying tropical cyclones, transitioning
extra-tropical storms, sub-tropical storms or “eesast lows” (ECL). However, extreme storm tide
events, for example at the 100-years Average RewcerInterval (ARI) or greater, are likely to be th
result of tropical cyclones which are able to traskfar south as Moreton Bay. Cardno Lawson Treloa
(2009a and 2009b) present a detailed descriptidheo§torm climatology for the Moreton Bay region.

Cardno Lawson Treloar were commissioned in 200Mbyeton Bay Regional Council, together
with Redland and Logan City Council’s, to undertakeomprehensive storm tide study for these Local
Government Areas (LGA’s). The purpose of that gtu@s to enable a standardised best practice,
regional approach to be established with regagtdom tide modelling, mapping, risk assessments and
mitigation strategies. The full description of th@rm tide study including outcomes is presented i
Cardno Lawson Treloar (2009a, 2009b, 2009c and @009

A key component of the storm tide study was to t®veand calibrate a coupled, wave and
hydrodynamic model system which would be the bakithe storm tide study. During the setup and
calibration process, the interaction of wave andrbgtynamic processes, in particular water levets w
a key component.

MODEL DESCRIPTION

The model system developed for this study inclutted Delft3D hydrodynamic model coupled
with the SWAN wave model system. The Delft3D modgstem is developed and maintained by
Deltares (formally Delft Hydraulics). The SWAN wavmodel has been developed by the Delft
Technical University and is the wave model adojiteitie Delft3D model system.
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These two model systems have been validated in mwsehydrodynamic modelling studies
around Australia and many other locations. Thepting of the SWAN wave model with the Delft3D
hydrodynamic model has been demonstrated to beppropriate technique for simulation of water
levels and currents inside coastal entrance systewisiding the Murray River Mouth and Coorong
(Treloar and Patterson, 2004) and Lake lllawarrayldr et al 2008). The Delft3D model system has
also been applied in the simulation of coastal enhek storm water levels in overseas studies, for
example, the simulation of storm water level neangd. Island, which highlighted the importance of
wave induced radiation stresses in simulating wieteels inside a barrier island system (lrish et al
2004).

A full description of the Delft3D and SWAN modelgwkloped for this study is presented in
Cardno Lawson Treloar (2009a and 2009b). The nsadeluded a variable resolution, multi-domain
configuration. The SWAN model extended northwandl @astward over 2,000km from the origin.
The large model extent was required to enablest@alsimulation of waves generated from gradient
winds across the Tasman Sea, as well as descth@mgtating wind fields of cyclones.

Wind fields for the wave and hydrodynamic modelsgevgenerated using a modified Holland
(1980) parametric cyclone wind model with forwaréhdfield asymmetry for cyclone events, and a
blended satellite wind dataset available from tragidthal Oceanic and Atmospheric Administration
(NOAA) for non-cyclonic storm events (Zhang et2006).

MODEL CALIBRATION

The wind, wave and hydrodynamic models adoptedhénMoreton Bay storm tide study were all
calibrated for a series of historical storm ever@slibration of the hydrodynamic model also inédd
a calm winds tidal case in order to prepare a bietidn map. Quantitative analysis of modelledetd
was undertaken at a total of seven sites withimibdel domain. Predicted tides for comparisorhéo t
modelled water levels were generated using therkamg1977) method. Tidal constants were obtained
from the published tide constants (Australian Hgplaphic Office, 2007). The calibration of the
hydrodynamic model for tidal flows and the wind amedve models is presented in Cardno Lawson
Treloar (2009a and 2009b). Offshore tidal constavere obtained from the Oregon State University
global model of ocean tides which was along-tragkaged data from the TOPEX/Poseidon and Jason
(on TOPEX/Poseidon tracks since 2002) satellienater data. The methodology of the global tidal
models is described in Egbert and Erofeeva (2002).

The calibration of the model systems for storm swrgnsisted of the hindcast simulations of four
historical events. The calibration of the modedteyn to these events is described in the following
sections.

TROPICAL CYCLONE DINAH (TC DINAH)

TC Dinah was one of the most damaging storms te affected the south-east Queensland coast in
the last 50-years. The peak storm surge persfstedearly 24-hours, which coincided with a spring
tide high water. The peak measured storm surtjgeaBrisbane Bar tide gauge was 0.45m. TC Dinah
generated severe offshore wave conditions whicle wezdominantly from the east to south-east sector
(significant wave height - #9m). The hindcast of TC Dinah was undertaken \lith Delft3D
hydrodynamic model, including wind and atmospheriessure forcing on its own, as well as coupling
with the SWAN wave model. Whilst the coupled waaed hydrodynamic model improved the
calibration of the model compared to the measuredrssurge, the influence of wave processes on the
measured storm surge was small, less than 0.1lngurd=i2 presents a time series comparison of
modelled (including wave, wind and pressure foriamgd measured storm tide at Brisbane Bar during
TC Dinah.
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Figure 2. Comparison of modelled residual water lev el (dashed red line) and measured tide (solid black line)
at Brisbane Bar tide gauge during TC Dinah

TROPICAL CYCLONE DAISY (TC DAISY)

TC Daisy was another relatively intense tropicatloge for south-east Queensland that tracked
much closer to Moreton Bay compared to TC Dinalme Ppeak measured storm surge at Brisbane Bar
was about 0.7m and occurred near mid-tide in asitianal tide period (between spring and neap).
Compared to TC Dinah, the peak storm surge wasushrshorter duration. The peak total water level
of TC Daisy was approximately 0.2m lower inside Bton Bay compared to TC Dinah. This storm
generated severe offshore wave conditiong=THh), predominantly from the north-east direction
offshore. This direction corresponds with the radigent of the northern entrance to Moreton Bay.

Figure 3 presents time series of measured resvwdatalr level, modelled total residual water level,
modelled residual water level due to wind and presdorcing, and residual water level due to the
wave forcing. The agreement between modelled wekidiater level with wind, pressure and wave
forcing and the measured residual water levelgrificantly improved compared to the modelled case
with wind and pressure forcing only. The modelidrm surge peaks approximately 3-hours before
the measured surge; however, the cyclone trackalatiéable for this event had a time step of 6-Bour
The residual water level in Figure 3 generatedheywave forcing shows a distinct periodic character
which corresponds to the semi-diurnal tide freqyenthis outcome indicates that the regional wave
set-up within Moreton Bay is strongly linked to tastronomical tide.
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Figure 3. Comparison of measured residual water lev el (solid black line) with the modelled residual wa  ter
level (dashed red line) at Brisbane Bar during TC D aisy. The modeled residual result has also been
separated into the wind and pressure only component (dashed green line) and also the regional wave set  -up
component (dashed blue line).
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Figure 3 presents time series of measured resvwdatalr level, modelled total residual water level,
modelled residual water level due to wind and presdorcing, and residual water level due to the
wave forcing. The agreement between modelled wekidiater level with wind, pressure and wave
forcing and the measured residual water levelgrificantly improved compared to the modelled case
with wind and pressure forcing only. The modelidrm surge peaks approximately 3-hours before
the measured surge; however, the cyclone trackalaitable for this event had a time-step of 6-Bour
The residual water level in Figure 3 generatedheywave forcing shows a distinct periodic character
which corresponds to the semi-diurnal tide freqyenthis outcome indicates that the regional wave
set-up within Moreton Bay is strongly linked to thstronomical tide

Over the three-day period presented in Figure & ctirrelation coefficient between modelled and
measured storm surge (including wind, pressureveaa forcing) was 0.87. This indicates very good
temporal agreement between modelled and measusatliaé water level and suggests that the wave
component of the measured residual water levdsisralated to the astronomical tide.

MARCH 2004 TROPICAL LOW EVENT

In March 2004 a tropical low system developed b tentral Queensland coast. Since this event
is more recent than the previous two model calibnaévents, there was additional model calibration
data and higher resolution and more accurate wiadpgessure data with which to force the wave and
hydrodynamic models. High-resolution blended $itdalind data available from NOAA was found to
agree very well with measured ‘over-water’ wind dibions observed at sites within Moreton Bay
(Cardno Lawson Treloar 2009a and 2009b). Thiststevent generated the highest recorded storm
surge (0.73m) at the Brisbane Bar tide gauge sitscénception in 1967. The peak storm surge
coincided with low water. The event generatedhuffe waves up to 7m (Hfrom the north-east to
east sector.

Figure 4 presents time series of measured residatal level (solid black line), modelled total
residual water level, modelled residual water leled to wind and pressure forcing, and residua¢mwat
level due to the wave forcing. As with TC Daidye wwave induced residual water level is significant
and accounts for approximately 30% of the peak redistorm surge.
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Figure 4. Comparison of measured residual water lev el (solid black line) with the modelled residual wa  ter
level (solid red line) at Brisbane Bar during the M arch 2004 Tropical Low event. The modeled residua |
result has also been separated into the wind and pr ~ essure only component (dashed green line) and also the
regional wave set-up component (dashed blue line).

Spectral analyses were also undertaken on the euwbdeld measured residual water level from the
March 2004 event. A Fast Fourier Transfer (FEfmalysis was undertaken on a 128-hour duration, 1-
hourly record of the measured and modeled wat@ldevFigure 5 presents a comparison of the water
level spectra (Power Spectral Density functionhe ¥-axis of Figure 5 is presented as period of
oscillation (1/frequency) rather than frequencglits The modeled residual water level spectra with
wave forcing (dashed red line) is a good represientaf the measured spectra (solid blue linehwit
both these cases indicating a peak residual wdieperiod of oscillation near 12.5 hours which is
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consistent with the semi-diurnal astronomical tigiele at the site. The modeled residual waterl leve
spectra without wave forcing (dot-dashed green lifuees not agree with the measured water level
spectra for the period range greater than 9-hours.

Spectral Analysis of Residual Water Level
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Figure 5. Comparison of measured residual water lev el spectra (solid blue line), modeled water level s pectra
with wave forcing (dashed red line) and modeled wat  er level spectra without wave forcing (dot-dash gre en
line).

JULY 2001 TASMAN SEA LOW EVENT

A moderate wave event was observed on the 6th gndufy, 2001. The waves were generated by
an intense low in the Tasman Sea, some 1,500kn0@DRM east of Brisbane. Offshore wave heights
reached 4m (k) at the Brisbane Waverider buoy with peak perigusak spectral period -,Jfof up to
12 seconds. The offshore wave direction was géperast at the peak of the event. Due to thenstor
being located so far away from the study area, veionditions and atmospheric pressure during the
time of the large offshore wave conditions had Jgtlg influence on water levels along the souéiste
Queensland coast. As a result, this event repieseperiod of time when only wave processes are
likely to have influenced water levels inside MomeBay.

Observed water levels at Mooloolaba (open coast3pBne Bar and Southport (Broadwater, Gold
Coast in the southern-most modeled area) have &eaigsed for this event. Generally, the residual
water level is small at Mooloolaba on the open tdass than 0.05m. At Brisbane Bar, the residual
water level shows a clear oscillatory charactehwitperiod of oscillation of about 12 hours whish i
consistent with observed and modeled residual watel from TC Daisy and the March 2004 event.
The magnitude of the residual water level is u@tOm coinciding with the peak in offshore wave
heights. Southport also shows some residual ietel with a similar character to Brisbane Bar near
the peak of the event, however, the magnitude efrésidual water level was much smaller than at
Brisbane Bar.

Figure 6 presents time series of measured and eadekidual water level at Brisbane Bar with
wind and pressure forcing only. Figure 7 presénie series of measured and modeled residual water
level at Brisbane Bar with wave, wind and presdoreing. Compared to Figure 6, the agreement
between modelled and measured water levels isfisignily improved. This outcome confirms that the
coupled wave and hydrodynamic model system devdlfgethis study is able to simulate the observed
residual water level due to wave processes to d degree of accuracy.
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Figure 6. Comparison of measured residual water lev el (solid black line), and modelled residual water level
with wind and pressure forcing only (dashed red lin e) at Brisbane Bar during the July 2001 event
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REGIONAL WAVE SET-UP INSIDE MORETON BAY INVESTIGATIONS

Following the calibration of the coupled wind, wased hydrodynamic models, it was evident that
during particular storm events, there is a residuater level inside Moreton Bay that cannot be
attributed to either inverse barometer or convesatiovind set-up processes. Earlier storm tideistud
of Moreton Bay, for example, Blain, Bremner and M&ihs (1979), had identified that waves were
likely to influence storm tide inside Moreton Baytbneither the mechanism of action nor a quatifie
assessment of the influence of waves on the rdsidater level has been undertaken before. A study
was undertaken prior to the storm tide risk imygggtons to better understand the influence thatewav
breaking over Spitfire Banks was having on resiaveter levels inside Moreton Bay.

A series of parametric simulations was undertakéth the Delft3D model to investigate the
relationship between the regional wave set-up edldreton Bay and offshore wave height, period and
direction. Each simulation was run for a periodthoke days. During the first day, the wave height
increased from 2m (k) up to the simulation value. During the secong, dlae wave height remained
constant at the specified value and on the thigdtida wave height again decreased to 2m)HWave
period and direction remained constant at the talegalues during the whole simulation. Tide focgi
was included in all simulations.

These simulations identified and quantified sevsigtificant features of the regional wave set-up
process inside Moreton Bay. The magnitudes ofdfigshore wave height and wave period were
positively correlated with the simulated regionavwe set-up. That is, a larger regional wave set-up
was observed with larger offshore wave heights@nidhger periods. The magnitude of wave set-up
for north-east and easterly waves is significahtbher than for similar south-easterly waves. 8out
easterly waves lose significant wave energy dueftaction before reaching Spitfire Banks.

Tidal flows also have a significant impact on thagmitude of the modelled regional wave set-up.
Regional wave set-up increases on the ebb tidepaadts near low water. Near high-water, the
magnitude of the regional wave set-up is signifisaneduced. This outcome is, at first, counter-
intuitive. Figure 8 presents a plan view of regiowave set-up within Moreton Bay near high tide.
During this simulation the offshore wave height wam (Hno), wave period was 8s 2spectral
moment - To2) and the direction was easterly. Figure 8 presarplan view of regional wave set-up
around Moreton Bay for the same offshore wave d@mrmi near low tide. Near high water, the
magnitude of the regional wave-setup within MoreBay, with the exception of the immediate vicinity
of Spitfire Banks, is between 0.05 and 0.1m. Neuartide and with the same wave conditions the
magnitude of the regional wave set-up within MoneBay is approximately 0.3m.
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low tide

This outcome suggests that the regional wave sétaspa momentum flux component that acts to
reduce the mass flux. That is, the residual watezl generated by the regional wave set-up islgrg
due to a gradient in radiation stresses in Mor@&ap that acts against the ebb tide flow rather than
mass influx into Moreton Bay. A mass influx is gested by the wave breaking; however, the mass
influx is only a minor contributor to the residwahter level generated by the wave breaking proaess
Spitfire Banks.
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PARAMETRIC MODEL OF REGIONAL WAVE SET-UP INSIDE MORETON BAY

The technique used to calculate design storm &del$ in the Moreton Bay storm tide study
adopted a Monte Carlo procedure that simulated®6e9@8lone events. Storm surge for each event was
interpolated from a database of results from aelangmber of base cyclone cases simulated with the
Delft3D model. The Monte Carlo model then combirieel modelled storm surge during that event
with a random astronomical tide to generate thal t&tbrm tide. Cardno Lawson Treloar (2009a and
2009b) presents a complete description of the MGatdo modelling technique adopted in this study.

Due to the interaction between the astronomical éidd the magnitude of the regional wave set-up
process, a parametric model was developed whiolwvedl the magnitude of the regional wave set-up to
be estimated for each cyclone event in the MontdoGaodel. A series of regression models have
been developed based on the simulations describéutkiregional wave set-up description presented
above. These models can be easily implementednwiite Monte Carlo procedure whereby, for a
modelled offshore wave height, period and directioourring during a cyclone event, the magnitude of
regional wave set-up can be determined realisjicall

The regional wave set-up)(relationship for Moreton Bay has been developgd & simple linear
regional model of the form presented in Equationtiere the coefficientf, andp;are calculated by
regression analysis of the simulations describedeb

’7::30 +131(Hm0 meOZ ) (1)

Figure 10 presents the linear regression modelepted in Equation 1 for easterly waves and
indicates that, for typical storm wave conditiotie linear regression model presented in Equatisn 1
a very good estimate of the modelled regional weateup using the coupled wave and hydrodynamic
model. The correlation coefficient is greater tBa®6 for all wave directions and tide levels.
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Figure 10. Parametric regional wave set-up models f or southeasterly (blue), easterly (green) and
northeasterly (red) offshore wave directions.

Equation 1 has been developed for the regional wat«eip occurring during the tide cycle for low
and high tide. Near high water, which is typicallizere peak storm tide occurs, the magnitude of the
regional wave set-up is generally 25% to 35% ofghak wave set-up which occurs near low water.
This tidal phase reduction was included in the Mddarlo design storm tide analyses.

DISCUSSION

The Moreton Bay study has highlighted the imporégaotwave breaking processes along Spitfire
Banks on the observed water level inside Moretop Banalysis of the long-term historical water leve
record from the Brisbane Bar tide gauge indicated for certain events, the magnitude of the total
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residual water level is greater than that whichld¢de generated by wind and atmospheric pressure
forcing alone. During those events, which aredglty related to distant storms, the residual water
level also displays a distinct periodic characthicl corresponds with the semi-diurnal tide.

The coupled Delft3D hydrodynamic and SWAN wave nicystem developed for this study has
been shown to be able to more accurately simulage dbserved storm surge compared to a
hydrodynamic model with wind and pressure forcifapa. Investigations of the regional wave set-up
process inside Moreton Bay have identified thatveb as the height and period of the offshore waves
the offshore wave direction and the astronomiadé fphase both significantly influence the residual
water level generated inside Moreton Bay due toewbkeaking along Spitfire Banks. This study
suggests that the regional wave set-up procesdeindoreton Bay is largely related to a momentum
flux process. That is, the residual water levelegated by the regional wave set-up is largelytdue
gradient in radiation stresses at Spitfire Bankadnthern Moreton Bay which acts against the ebé tid
flow rather than as a mass influx into Moreton Bay.

The Delft3D model also suggests that for a givegngwvthe amount of regional wave set-up around
Moreton Bay is generally uniform with spatial grawtis in residual water level only evident near
Spitfire Banks. Other entrances to Moreton Bayp &sghibit a wave set-up effect inside the entrance,
see Figure 9; however, the influences of thesearaéis on the hydrodynamics of the whole Bay is less
important due to the geometry of these entrances.

The influence of regional wave set-up on the desigter levels for the LGAs is not as great as
was first expected. Due to the significant redarciin the magnitude of the residual water levelkeau
by waves near high water (compared to low water)ttfe 100-years ARI storm tide the contribution of
the regional wave set-up to the storm tide withiorston Bay was approximately 0.1m. This is largely
due to the fact that design water levels are nikalylcaused by more frequent and less intensenstor
generating peak storm surge near high tide, thss flequent, but more intense storms. Whilst the
contribution of regional wave set-up to the totaks tide levels around Moreton Bay is not lardps t
study has highlighted the importance of includinig process during the model calibration process an
to improve understanding of water level residuals.

CONCLUSION

A detailed and comprehensive storm tide study vmaertiaken for a number of LGAs in south-east
Queensland in 2008. As part of this study an itigason into the influence of wave processes an th
residual water level inside Moreton Bay was undema

Those investigations indicated that, for particigorm events, wave breaking near the entrance to
Moreton Bay can contribute a significant amounthi® total storm surge observed within Moreton Bay.
This ‘Regional Wave Set-up’ process is most sigaift when waves originate from the north-east to
east sector offshore, and when the astronomicalisischear low water on the ebb tide. Near highewat
the influence of this regional wave set-up is galigronly 25% to 35% of the magnitude near low
water for constant offshore wave conditions.

The influence of wave breaking on water levels imitembayments has been confirmed at a
number of other sites around Australia and oversdd® geometry of the embayment and form of the
entrance together with its orientation to the affehwave direction, are key factors governing the
presence and magnitude of wave set-up occurringmibhe embayment during a storm. The regional
wave set-up observed and modelled inside Moretgni8specific to the Moreton Bay system and may
not occur at every coastal site.
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